When the swept time is short, the curve shows overshoot-like behavior and the kink disappears, indicating that the I-V characteristics should be quite different between DC and RF conditions.
INTRODUCTION
In GaAs MESFETs and HEMTs, slow current transients are often observed experimentally even if the drain voltage or the gate voltage is changed abruptly. They are called "drain-lag" or "gatelag" and could be fatal when the high-speed and high-frequency operation is considered [1] [2] [3] . As for factors of these slow transients, effects of deep traps in the semi-insulating substrate and surface states on the semiconductor surface are suggested, but the detailed mechanisms are not well clarified. And hence, there is no definite way established to eliminate them. Here, it should be pointed out that few theoretical works are reported which treat these phenomena. [6] . For strongly negative Voff, electron depletion occurs also in the semiinsulating substrate, and electrons are injected into the substrate during turn-on, leading to the overshoot-like behavior. These two observations for LG= 
DRAIN-LAG AND DYNAMICS OF I-V CURVES
Next, we describe the dynamics of GaAs MESFETs when the drain voltage is changed. Figure 3 shows the responses of drain currents when the drain voltage Vz steps abruptly from 0 to V or from 0 to 13 V while keeping the gate voltage 0 V.
For Vz=0 to V, the drain current remains a slightly high value for some time and begins to decrease gradually (around 10-5 s), reaching the real steady-state value. For the large change of (0 to 13 V), the drain current shows remarkable overshoot and begins to decrease earlier (around 10-9 S). These overshoots occur because electrons are injected into the substrate when Vz is raised, and the deep traps (EL2) in the substrate need certain time to capture these electrons. For larger change of Vz, more electrons are injected into the substrate, and hence the overshoot becomes more remarkable, and the drain current begins to decrease earlier because the capturing time by the traps is inversely proportional to the electron density. impact ionization, and the kink disappears when -is short. This indicates that the kink, which is originated from the interaction between generated holes by impact ionization and the substrate traps [7] , is a rather slow process. The 
